NASW-01007: Seismic Forecasting of Solar Activity
Quarterly Progress Report: July 2, 2001 — October 1, 2001

PI: Douglas Braun, NorthWest Research Associates, Inc.
Co-I: Charles Lindsey, Solar Physics Research Corporation

The advent of holographic imaging techniques applied to the far surface of the Sun (Lindsey & Braun
2000 Science, 287, 1799) introduced the immediate possibility of a synoptic monitor of far-side activity for
purposes of space weather forecasting. This tool has long been needed for studies of active-region evolution
as well. A collaboration with the SOI-MDI team at Stanford University has now given us such a synoptic
program. This program applies our seismic-imaging software package to the medium-resolution MDI images
within 24 hours of their acquisition by the SOHO spacecraft. The software package we adapted for the
Stanford program is written in UNIX and C, is highly portable and can be adapted to a broad range of
computational platforms and databases. For the first time, real-time seismic maps of large active regions on
the Sun’s far surface are publicly available. The synoptic images show examples of active regions persisting
for one or more solar rotations, as well as those initially detected forming on the solar far side. These synoptic
solar images can be accessed on the web at http://soi.stanford. edu/data/farside .

Until recently, imaging the far surface of the Sun has relied on what we call two-skip phase-sensitive hologra-
phy. This scheme is essentially blind to active regions more than about 50 degrees from the antipode of disk
center. Figure la shows the perspective involved when seismic methods are applied to a focal point placed
beyond this range. Since only one side of the required two-skip pupil is actually visible on the solar disk,
the phase correlation between the (outgoing) egression and (incoming) ingression amplitudes is insignificant,
even while the amplitudes computed from the visible portion of the two—skip pupil, remain individually sig-
nificant. Figure 1b, however, illustrates how a one-skip pupil and its three-skip specular reflection about the
focus may be used to form images at this location of the focal point. Ingressions and egressions, coherently
summed over the observed portions of the three— and one-skip pupils, give rise to favorable correlations with
the focal point placed close to or even directly on the solar litb.

In a paper recently accepted for publication (Braun & Lindsey 2001), we have demonstrated how acoustic
travel-time perturbations may be mapped over the entire portion of the Sun facing away from the Earth,
including the polar regions. Figure 2 shows an example of farside imaging of the entire far hemisphere of
the Sun over a four day interval. In addition to offering significant improvements to ongoing space weather
forecasting efforts, the procedure offers the possibility of local seismic monitoring of both the temporal and
spatial variations in the acoustic properties of the Sun over all of the far surface.

a) b)
focal point focal point

| /
e
\
1-skip
pupil
2-skip pupit 3-skip pupil .
! j
observer observer

Figure 1: Far-side imaging for focal points significantly away from the antipode of disk center (ADC), showing
(a) the limitations of using two-skip correlations, and (b) the advantages of using one/three—skip correlations.
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Figure 2: Composite images of the near-side magnetic flux density and far-side acoustic travel-time perturbations
for the four days spanning 1999 April 22 — 25 (top four panels, proceeding downward). The circular discontinuities
apparent around the center of the far-side images divide the two—skip correlations, computed within 48° of ADC,
from the one/three-skip correlations computed outside. The bottom panel shows a synoptic magnetogram for
the subsequent Carrington rotation (1999 May 1 - 28). (From Braun & Lindsey 2001)
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